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Background: Among all hematologic malignancies, B-cell chronic lymphocytic leukemia (BCLL) has the
highest familial clustering (three- to sevenfold increase), strongly suggesting a genetic component to its
etiology. Familial BCLL can be used as a model to study the early pathogenesis of this disease.

Methods: We examined nine kindreds from the National Cancer Institute’s Familial BCLL Registry, consisting
of 19 affected members with BCLL and 33 clinically unaffected first-degree relatives. Flow cytometric immuno-
phenotyping to detect a B-cell monoclonal lymphocytosis (BCML) was performed. Monoclonality was confirmed
by polymerase chain reaction analysis of whole blood DNA. Cell cycle analysis for aneuploidy was conducted.

Results: In all affected individuals, we observed the classic BCLL CD5/CD19/CD20/CD23 immunophenotypic
patterns. Six of the 33 unaffected individuals (18%) had evidence of BCML. Additional individuals (13/33, 39%)
showed some other abnormality, whereas 14 individuals (42%) were normal. Based on an estimated prevalence
of 0.7% for BCML in the general population, the finding of six subjects (18%) with clonal abnormalities in this
relatively modest sample was significantly greater than expected (i.e., 18% vs. 0.7%, P < 5.7 � 10�9).

Conclusions: Individual components of BCML and other B-cell abnormalities were observed in almost half
of the apparently unaffected individuals. Our findings suggested that BCML may be an early detectable
abnormality in BCLL. The spectrum of some of these observed abnormalities suggested the involvement of
different B-cell subpopulations or different pathways in clonal evolution. Population-based, longitudinal
studies will be required to determine the incidence of BCML and other B-cell abnormalities and their relation
to disease progression in BCLL and other closely related B-cell lymphoproliferative disorders. Cytometry Part
B (Clin. Cytometry) 52B:1–12, 2003. Published 2003 Wiley-Liss, Inc.†
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B-cell chronic lymphocytic leukemia (BCLL) is the most
common hematologic malignancy in adults in the Western
world and accounts for 30% of all leukemias (1). Its inci-
dence increases logarithmically from age 35 years, does
not plateau, and has a median age of onset of 65 years (2).
Of all the hematologic malignancies, BCLL shows the
highest familial clustering, suggesting a genetic compo-
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nent to its etiology (3–9). More than 80 pedigrees have
been reported in the past seven decades describing the
familial clustering, with first-degree relatives of affected
individuals exhibiting a two- to sevenfold increase in risk
over the general population (10–15).

Neither the basis for the increased risk of familial
chronic lymphocytic leukemia (CLL) nor the presumed
environmental determinants of sporadic BCLL are known.
Although characteristic cytogenetic findings are often ob-
served, to date no specific gene has been identified (16).
Other B-cell malignancies have associated precursor
states, i.e., monoclonal gammopathy of unknown signifi-
cance (MGUS) in multiple myeloma (MM) (17,18). This
entity is recognized in 3% of the elderly population, and
25% of individuals with MGUS progress to MM or other
lymphoproliferative disorders or diseases (LPD) over a
10-year period (17). We propose that an analogous con-
dition, termed B-cell monoclonal lymphocytosis (BCML),
exists in relation to BCLL and other closely related B-cell
LPDs.

Cross-sectional studies have been conducted to evaluate
a variety of laboratory markers in communities near haz-
ardous waste sites. In the course of this work, a recurring
pattern of abnormalities similar to those seen in BCLL was
noted. The term BCML refers to a pattern of B-cell mono-
clonal abnormalities suggestive of, but not fulfilling, the
minimal criteria for the diagnosis of BCLL. In 1995, a U.S.
Public Health Service Workshop on determining the role
of environmental exposures as risk factors for B-cell LPDs
was held at the Centers for Disease Control and Preven-
tion. Among 6,000 individuals studied, the overall preva-
lence of BCML (defined by �/� analysis or a CD5 B-cell
lymphocytosis) among participants 40 years or older was
11 in 1,499 (0.7%) (19–23). On the basis of recommenda-
tions made at that workshop in terms of the definition of
BCML, a follow-up study confirmed the same level of
BCML (24,25).

Given this background, we speculated that BCML might
also be increased in unaffected individuals in kindreds
with familial BCLL. The Genetics Epidemiology Branch of
the National Cancer Institute (NCI) has identified and
characterized familial BCLL for more than 30 years
(26,27). Because unaffected members in kindreds with
familial BCLL might be at higher risk for the development
of overt disease and to gain insight into the pathogenesis
of this disorder, we investigated the presence of BCML in
familial BCLL kindreds. By using the NCI Familial BCLL
Registry, we identified kindreds with two or more living
affected individuals in addition to unaffected individuals
for detailed study. In this article, we report our observa-
tions and interpretations concerning B-lymphocyte subset
analysis in unaffected individuals.

MATERIALS AND METHODS
Study Design

We examined the lymphocyte populations by flow cy-
tometric immunophenotyping, cell cycle analysis, and an
assay based on polymerase chain reaction (PCR) for im-
munoglobulin gene rearrangement in affected and unaf-

fected family members of nine kindreds enrolled in the
NCI Familial BCLL Registry. BCML was defined as a flow
cytometric pattern indistinguishable from BCLL except
that the absolute lymphocyte count was fewer than 5,000
cells/�l or as a detectable population of CD5� monoclonal
B cells. This study was approved by an Institutional Re-
view Board, and informed consent was obtained from all
subjects in this report. Nine kindred with at least two
living affected subjects with BCLL and one or more living
first-degree relatives from the NCI registry were available
for study.

Sample Collection, Clinical Information,
and Pedigree Description

Blood samples in heparin or ethylene-diaminetetra-ace-
tic acid were collected from all family members at outpa-
tient clinic visits and processed soon after collection but
usually within 12 h. In some cases, blood samples were
obtained from local physicians, shipped overnight, and
processed within 24 h of collection. An attempt was made
to examine and follow all affected individuals and their
first-degree relatives. Clinical information was obtained as
previously described (26). The diagnosis of BCLL was
established by standard criteria and confirmed by flow
cytometric immunophenotyping and review of peripheral
blood films in affected individuals (28–30). Individuals
who met the minimum criteria for diagnosis of BCLL at
any time during the period of observation were classified
as affected. Nine kindred including 52 individuals affected
with BCLL and unaffected were examined. Individuals
examined for this report were identified by a combination
of the kindred number and an assigned letter. Selected
representative pedigrees are presented in Figures 1–6.

Flow Cytometry: Immunophenotyping and
Cell Cycle Analysis

Whole blood lysis preparation, flow cytometric immu-
nophenotyping, and cell cycle analysis were performed as
previously described (31–38). Flow cytometric immuno-
phenotyping was performed by two- and three-color im-
munofluorescent staining using the combinations of di-
rectly conjugated reagents, as shown in Table 1. Blood
samples from patients with known sporadic BCLL were
used as positive controls for affected members of the
families. Samples from blood bank donors and unaffected
spouses were used as controls for unaffected members.
CellQuest (Becton-Dickinson Biosciences [BDB], San Jose,
CA) was used to acquire and analyze the flow cytometric
immunophenotyping data. FACSComp (BDB) and Quick-
Cal (Flow Standards, Inc., San Juan, PR) microbead stan-
dards were used to validate instrument performance and
linearity. Software-derived percentages of G0/G1, S-phase,
and G2/M cells, their corresponding mean channels and
coefficients of variation, and the presence or absence of
aneuploidy or tetraploidy were determined with ModFit
software (Verity Software House, Topsham, ME).

All monoclonal antibodies were obtained from BDB,
except anti-CD22 phycoerythrin (PE), were obtained from
Caltag (Burlingame, CA). Three sets of light-chain reagents
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FIG. 1. Pedigree 1 consists of eight sib-
lings, three of whom are known to be af-
fected (one male and two females; A–C). The
other five siblings (D–H) are normal by phys-
ical examination but had different flow cyto-
metric abnormalities. Originally, two were
identified as being affected (1-A untreated
and 1-C previously treated). At the time that
these flow cytometric studies were first con-
ducted, individual 1-B had an absolute lym-
phocyte count (ALC) of fewer than 5,000
cells/�l and was monoclonal by polymerase
chain reaction (PCR). The other five siblings
were normal by physical examination and
ALC. Subsequent values for individual 1-B
were in excess of 5,000 cells/�l, and for this
reason this patient was designated as having
B-cell chronic lymphocytic leukemia (BCLL)
rather than B-cell monoclonal lymphocytosis
(BCML). One unaffected sibling (F) had an
unusual distribution of CD20/CD5 cells.
Flow cytometry showed a continuous distri-
bution of CD5� B cells, CD5� B cells, and
CD20/CD5 B cells with decreasing CD20 ex-
pression. Two of the three siblings (G and H)
had normal �/� immunoglobulin surface ex-
pression and normal polyclonal PCR pattern
but showed distinct evidence of a tetraploid
population by cell cycle analysis (data not
shown). Two-parameter histograms show
CD20 fluorescein isothiocyanate on the x
axis and CD5 phycoerythrin on the y axis.
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were used to establish monoclonality in BCLL. The �/�
antibodies (Table 1, tubes 9–11) were obtained from BDB,
Caltag, and Dako (Carpinteria, CA), respectively. In some
cases, light-chain restriction could be ascertained only
with the use of two additional tubes: anti-� fluorescein
isothiocyanate (FITC) combined with anti-CD22 PE and
anti-CD20 peridinin chlorophyll protein (tube 13) and
anti-� FITC combined with anti-CD22 PE and anti-CD20
peridinin chlorophyll protein (tube 14). In these two
separate tube comparisons, the fluorescence intensities of
anti-� FITC and anti-� FITC could be compared directly for

an assignment of monoclonality. These �/� reagents were
obtained from Kallestad (Austin, TX).

PCR Analysis

PCR amplification and immunoglobulin (Ig) gene prod-
uct analysis using DNA isolated from fresh or frozen blood
or gradient density purified peripheral blood mononu-
clear cells were done according to the methods of Mc-
Carthy et al. (39) and Griesser et al. (40). The finding of
one discrete band was assigned as monoclonal. Several
isolated, denser bands on a polyclonal background were

FIG. 2. Pedigree 2 is a family of seven
(affected parent and six siblings). The
mother (I) is the proband, and two male
siblings (K, L) have BCLL. The other four
siblings (three females and one male; J, M,
N, and O) were clinically normal. Sibling J
showed no abnormalities. The immunophe-
notypic patterns for the proband and the two
affected siblings are typical for BCLL. The
one unaffected male sibling (M) had a small
abnormal CD20-dim subpopulation (arrow).
Sibling O had 45% CD5� B cells that ex-
pressed � light-chain surface immunoglobu-
lin. Sibling N had evidence of a �� CD5
B-cell clone via a clonal search with an ab-
solute B-cell count of 399 cells/�l. In addi-
tion, in this individual, the CD5 B-cell lym-
phocytosis showed a 64-channel decrease in
its CD20 Fluorescence Intensity (FI) com-
pared with the CD5� B cells. Siblings N and
O have B-cell monoclonal lymphocytosis.
The two-parameter histograms show CD20
fluorescein isothiocyanate on the x axis and
CD5 phycoerythrin on the y axis. The �/�
analysis of CD19� cells is not shown.

4 MARTI ET AL.



designated as an oligoclonal pattern. Results that appeared
as a series of smooth, multiple bands (ladders) were des-
ignated as polyclonal. Controls used included a monoclo-
nal B-cell line JVM-2 (obtained from Melo et al. [41]) and
blood bank donors.

Statistical Analysis

P values were calculated with Poisson distribution sta-
tistics, which assumes that the outcome (BCML) is a rare
event (11/1,449, 0.7%). We used SAS 6.12 (Cary, NC) to
compute the probability of observing the number of
BCML cases among unaffected first-degree relatives.

RESULTS
General Observations

Nine kindreds were selected for study from the NCI
Familial BCLL Registry that included affected subjects and
clinically unaffected first-degree family members who
were available for flow cytometric and other studies. In-
dividual immunophenotypic results are presented on rep-
resentative pedigrees (Figures 1–6). Results from the anal-
ysis of all 52 individuals in these nine pedigrees are

presented in Table 2, which lists 19 affected (i.e., met
standard diagnostic criteria for BCLL) and 33 unaffected
(i.e., normal physical examination and screening labora-
tory values) subjects. Of these 33 individuals, 19 had one
or more abnormal findings and are discussed in detail.

Immunophenotypic, Cell Cycle, and PCR Patterns in
Affected and Unaffected Individuals With Familial BCLL

Affected individuals. All individuals classified as af-
fected fulfilled minimum NCI-defined criteria for BCLL in
terms of absolute lymphocyte count, blood film morphol-
ogy, bone marrow involvement, and flow cytometric find-
ings at some time during the period of observation. How-
ever, at the time the immunophenotyping was conducted,
the absolute lymphocyte counts in individuals 1-B, 1-C,
and 3-P was fewer than 5,000 cells/�l. Subsequently, ab-
solute lymphocytes counts were more than 5,000 cells/�l
in individual 1-B. Individual 1-C had been treated previ-
ously, and individual 3-P was diagnosed as having small
lymphocytic lymphoma (SLL). The finding of a BCML in
the setting of SLL was not unexpected. The affected son in
pedigree 9 (9-YY) had an absolute lymphocyte count of

FIG. 3. Pedigree 3 consists of three
siblings. One male sibling (R) had
treated B-cell chronic lymphocytic leu-
kemia with Richter’s transformation
and underwent an autologous periph-
eral blood stem cell transplantation.
Presently he has minimal residual dis-
ease. His older brother (P) had an un-
treated small lymphocytic lymphoma
with subleukemic involvement. A third
sibling (Q) had an unremarkable his-
tory and normal physical examination
and screening laboratory values. This
unaffected sibling was found to have
persistent, unequivocal, CD5�, B-cell
monoclonal lymphocytosis (BCML).
For the upper three panels, the two-
parameter histograms show CD20 flu-
orescein isothiocyanate (FITC) on the x
axis and CD5 phycoerythrin (PE) on
the y axis. The lower left-hand panel
shows BCML expression of CD23 PE
on the y axis and CD19 FITC on the x
axis. The middle and right two lower
panels show the anti-� FITC and anti-�
PE distributions for the two sets of
light-chain reagents. In both cases, the
light-chain analysis was based on
CD19 tricolor (Tago) or CD19 Cy5
(Dako) respectively. CT, Caltag.
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500 cells/�l, with normal hemoglobin and platelet count.
Although most of his B cells expressed the CD5 marker,
there was no evidence of monoclonality. He also had a
relative increase but normal number of natural killer cells,
which was consistent with not only a hematologic but
also a flow cytometric remission. In addition to the diag-
nostic light-chain restriction, there was a characteristic
pattern of CD19, CD20, and CD5 coexpression in BCLL
and all expressed CD23 and were negative for CD10. All
cases of monoclonality were confirmed with the PCR
assay. Examples of oligoclonality or biclonality were not
seen in any of the affected individuals in this report. With
regard to cell cycle analysis, and consistent with a previ-
ous report, aneuploidy was not observed (21).

Thus, among the affected subjects, six exhibited a flow
cytometric pattern indistinguishable from BCML. Individ-
ual 1-B had a transient BCML followed by BCLL, whereas
individual 1-C in the same kindred had minimal residual
disease. In a separate family, individual 3-P had SLL with
BCML, but this was not unexpected. His sibling’s (individ-
ual 3-R) BCML was after treatment, with minimal residual
disease exhibiting a BCML pattern. Individual 5-V had
BCML in the setting of a spontaneous remission (13).
Individual 9-YY had a hematologic and flow cytometric
remission. However, most of his B cells expressed CD5,

and he had a relative increase but normal natural killer cell
numbers. His PCR pattern also showed a restricted poly-
clonal ladder pattern.

Unaffected individuals. Analysis of the 33 unaf-
fected individuals showed 14 individuals who were nor-
mal in all of the assays used. The abnormal findings in-
volving the remaining 19 individuals follow.

1. Six of the 33 unaffected and apparently clinically
normal individuals (2-N, 2-O, 3-Q, 4-U, 8-QQ, and 9-XX) in
these nine kindreds had BCML. The expression of mono-
clonality by flow cytometric analysis of light-chain restric-
tion was confirmed by PCR in individuals 3-Q, 8-QQ, and
9-XX. The other three subjects had a light-chain–restricted
B-cell subpopulation by flow cytometric analysis (not al-
ways seen in the overall �/� ratio) accompanied by an
oligoclonal (2-O) or a polyclonal (2-N and 4-U) pattern on
PCR accompanied by a normal absolute B-cell count.
These six individuals were designated as having flow cy-
tometric BCML.

2. Four individuals (1-E, 1-F, 2-J, and 5-X) showed oli-
goclonality by PCR analysis. Individual 1-F also had an
unusual L-shaped distribution of CD20/CD5 cells with an
elevated absolute B-cell count, i.e., an oligoclonal B-cell
lymphocytosis.

FIG. 4. Pedigree 4 consists of three
male siblings. When first seen, B-cell
chronic lymphocytic leukemia was con-
firmed immunophenotypically in the two
affected brothers (S and T). A review and
comparison of the blood films showed
that the third, unaffected, clinically nor-
mal brother (U) had a small population of
similar, abnormally appearing, lymphoid
cells. His �/� analysis for all three light-
chain reagents are shown in detail. The
three lower panels show the anti-� fluo-
rescein isothiocyanate (FITC) on the x
axis and anti-� phycoerythrin (PE) on the
y axis; see Table 1 for a listing of the
three fluorochromes used with CD19. All
three reagents demonstrate a monoclo-
nal excess. In the three upper panels, the
two-parameter histograms show CD20
FITC on the x axis and CD5 PE on the y
axis. The mother is reported to have died
from acute leukemia, type unspecified.
BDB, Bection-Dickinson Biosciences;
CT, Caltag.

6 MARTI ET AL.



3. Individual 2-M demonstrated an abnormal flow pat-
tern consisting of a small polyclonal population of CD20/
CD5 B cells (91 cells/�l) and had a second subpopulation
of CD5� cells with decreased CD20 fluorescence intensity
(see arrow in Fig. 2).

4. Siblings 1-G and 1-H had normal �/� immunopheno-
typic surface expression, normal CD20/CD5 expression
patterns, and normal polyclonal ladders by the Ig gene
rearrangement assay but showed distinct evidence of a
tetraploid population by cell cycle analysis.

FIG. 5. Pedigree 8 consist of three generations:
the proband, a maternal uncle, and the grand-
mother. In this kindred, the mother (QQ) is be-
lieved to be an obligate carrier for a putative ge-
netic marker of B-cell chronic lymphocytic
leukemia (BCLL) and in fact has a CD5� B-cell
monoclonal lymphocytosis. Records on the grand-
mother in the first generation were not available,
and her CLL was self-reported by the proband
(UU). Medical records on the uncle in the second
generation confirmed a diagnosis of CLL. The two-
parameter histograms show CD20 fluorescein iso-
thiocyanate on the x axis and CD5 phycoerythrin
on the y axis. Because the CD20/CD5 pattern of
the mother (QQ) is diffusely complex, her CD19/
CD5 profile is shown directly beneath her CD20/
CD5 profile (right-hand column, second panel).
One sibling (RR) has a polyclonal B-cell
lymphocytosis.
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5. Individuals 7-MM, 7-NN, 7-OO, 9-WW, and 9-ZZ
showed a relative CD5 B-cell lymphocytosis.

6. Individuals 1-D and 8-RR showed an isolated poly-
clonal B-cell lymphocytosis.

7. Individual 7-LL appeared to have an early T-cell pro-
liferation (data not shown).

Individuals 5-Y, 5-Z, 5-AA, 6-DD, 6-EE, 6-FF, 6-GG, 7-HH,
7-II, 8-PP, 8-SS, and 8-TT were normal. Thus, several un-
expected patterns were seen in these 19 unaffected indi-
viduals including a CD5� or CD5� BCML with Ig rearrange-
ment, oligoclonality with or without a B-cell lymphocytosis,
and tetraploidy. The most expansive and intriguing pattern

FIG. 6. Pedigree 9 consists of an af-
fected parent (father, VV) and an offspring
(son, YY). Before the death of the father, a
blood sample was obtained. The son was
diagnosed and treated at another medical
center. Blood samples on three of four
remaining siblings (WW, XX, and ZZ) were
drawn and shipped to the National Insti-
tutes of Health by overnight mail, but
blood films and complete blood cell counts
were not available for this pedigree at the
time of flow cytometric immunophenotyp-
ing. The son had a hematologic, flow cyto-
metric, and molecular remission, but the
relative number of CD5 B cells is in-
creased. Of three unaffected siblings (WW,
XX, and ZZ) tested, WW and ZZ were nor-
mal. Individual XX had B-cell monoclonal
lymphocytosis (BCML). The two-parameter
histogram for VV shows CD19 phyco-
erythrin (PE) on the x axis and CD5 PE on
the y axis, and the two-parameter histo-
grams for WW, YY, and ZZ show CD20
fluorescein isothiocyanate (FITC) on the x
axis and CD5 PE on the y axis. There are
four histograms for sibling XX with BCML.
In the left column, second panel and the
right column, second panel, the two-pa-
rameter histograms show CD20 FITC on
the x axis and CD5 PE on the y axis on the
left, and the right shows CD19 PE on the x
axis and CD5 PE on the y axis. The anti-�
FITC and anti-� PE gated on CD19 peri-
dinin chlorophyll protein and CD19 Cy5
are shown in the bottom panels in each
column, respectively.

8 MARTI ET AL.



was an L-shaped distribution connecting all of these sub-
populations (see individual 1-F). The pattern shown by indi-
vidual 8-QQ was equally interesting. Both patterns suggested
different pathways or different sets of normal B-cell subpopu-
lations that may undergo early neoplastic transformation.

Statistical Analysis

The Poisson distribution was used to find the probabil-
ity of observing 6 in 33 individuals with BCML in our
sample. Assuming that the population prevalence of
BCML was 0.7%, the probability of observing 6 of 33
BCML individuals was highly significant (P � 5.7 � 10�9).

DISCUSSION
We found BCML in 6 of 33 (18%) unaffected individuals

with familial BCLL. We defined BCML for the purpose of
this study to be the flow cytometric detection of any
monoclonal B-cell population in the absence of a history
of B-cell leukemia or other related LPD. The definition of
BCML has gone through some variation since its earliest
description (21–23,25). Initially, we recognized the abnor-
mal CD20/CD5 pattern in normal individuals and to this
was added the conventional serologic detection of light-
chain restriction (21). Given that �/� analysis may be
difficult in the setting of reduced-surface Ig, three sets of
light-chain reagents were used, and monoclonality was
further supplemented on the basis of Ig gene rearrange-
ment. However, the PCR detection of monoclonality on
non-enriched B-cell preparations is limited by the poly-
clonal background and the consensus primers. Consider-
ations of percentages and absolute numbers of B cells and
CD5 B cells were added for screening purposes (23).

The appearance of an L-shaped pattern for the CD20/
CD5 expression was a new finding in this study and may
be related to the collection of a substantial number of cells
in our study. Of equal interest was the presence of CD19�,
CD20�, CD5� B cells in BCML subject 8-QQ. These find-
ings suggested to us multiple B-cell subsets for the origin
and development of the CLL clone. In previous reports,
we suggested a pathway for the clonal evolution involving

progression from a negative CD5 BCML, to a CD5 CD20
bright BCML, to a CD5 CD20 dim BCML (42–44).

In the largest, cross-sectional, population study of B-cell
monoclonality in subjects older than 40 years, the Agency
for Toxic Substances and Disease Registry (ATSDR) found
evidence of a BCML in 8 of 891 (0.8%) individuals and 3 of
608 (0.5%) individuals in the test (area around Superfund
waste sites) and control sites, respectively (22). A fol-
low-up study confirmed the existence and identical level
of BCML (25). In addition, BCML was observed in a sample
of normal blood bank donors at a low level (3/656, 0.46%)
(45). In the present study, BCML was found in first-degree
relatives of patients with familial BCLL at a considerably
higher level of 18%.

Since we began our studies, Rawstron et al. (46) iden-
tified the prevalence of the monoclonal CLL-like and
monoclonal non-CLL-like immunophenotypic cells in a
series of 910 hospital outpatients who had normal hema-
tologic parameters and no history of malignant disease and
found 3.5% and 1%, respectively. In a companion study
involving 59 healthy first-degree relatives of patients from
21 CLL families, Rawstron et al. (47) reported the detec-
tion of CLL-like immunophenotypic cells in 8 of 59 rela-
tives (13.5%), representing a highly significant increase in
risk (P � 0.00002) for the presence of this immunophe-
notype. Although our controls differed in that they used
an outpatient clinic population and we used a cross-sec-
tional population-based control, we found that the inci-
dence of a BCML is significantly increased in first-degree
relatives in familial CLL. Rawstron et al. suggested that the
presence of a CD5� BCML or CLL-immunophenotype rep-
resents a surrogate marker of carrier status in CLL families.
They further speculated that the existence of a CD5� BCML
suggests a common genetic predisposition to the develop-
ment of B-cell malignancies.

The relation of BCML to BCLL in the familial and spo-
radic BCLL population settings are unknown. There are
few reports suggesting the range of possible outcomes.
Faguet et al. (48) identified a series of 39 referred patients
with a slight increase in their absolute lymphocyte count.
They reported that 24 of the 39 patients (62%) had an
abnormal B-cell clone. Over 5 years, one-third (8/24) pro-
gressed to clinical BCLL. This finding established that at
least some patients with BCML progress to BCLL within 5
years. A median of 10 years is required for MGUS to
convert to MM (17,18). Further studies are needed to
determine the ultimate outcome of BCML in the familial
and sporadic settings and to better understand the factors
controlling this progression.

In addition to the potential relation of BCML to CLL and
LPD, a benign monoclonal lymphocytosis should be con-
sidered. A benign monoclonal lymphocytosis indistin-
guishable from BCLL has been reported (49–53), and
Wang et al. reported patients with a stable, CD5� lympho-
cytosis (52). More recently, Byrd (54) raised the practical
issue of long-term, serial follow-up to determine the rela-
tion of BCML to CLL in the same manner that MGUS was
followed. In all likelihood, BCML is the cellular equivalent
of MGUS (17,18). If this is so, BCML should increase with

Table 1
Reagent List for Familial Immunophenotyping Panel*

Tube 1 Unstained
Tube 2 CD45 FITC CD14 PE
Tube 3 CD3 FITC CD19 PE
Tube 4 CD3 FITC CD16�CD56 PE
Tube 5 CD4 FITC CD8 PE
Tube 6 CD19 FITC CD5 PE
Tube 7 CD20 FITC CD5 PE
Tube 8 CD19 FITC CD23 PE
Tube 9 Anti-� FITC Anti-� PE CD19 PerCP
Tube 10 Anti-� FITC Anti-� PE CD19 TC
Tube 11 Anti-� FITC Anti-� PE CD19 RPE-CY5
Tube 12 CD10 FITC CD34 PE CD19 PerCP
Tube 13 � FITC CD22 PE CD20 PerCP
Tube 14 � FITC CD22 PE CD20 PerCP

*FITC, fluorescein isothiocynate; PE, phycoerythrin; PerCP,
peridinin chlorophyll protein; TC, tricolor; RPE-Cy5, tandem
conjugate.
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Table 2
Lymphocyte Subsets, �/� Analysis, and PCR Status*

IND WBC ALC %T AbT %B Ab B %NK AbNK %CD5 ACD5 �/� ratio PCR Cat

1-A 77.5 54.2 5 2,710 93 50,400 2 1,084 95 47,880 90.5 MC 1
1-B 16.5 4.29 23 986.7 70 3,430 10 429 70 2,401 4.2 MC 1
1-C 16 3.2 3 96 85 2,720 15 480 85 2,312 88 MC 1
1-D 7.3 2.44 63 1,537 22 537 15 366 36 193 1.62 PC 4
1-E 6.5 1.66 56 929.6 20 332 21 348.6 47 156 1.14 OLC 4
1-F 7.75 2.99 56 1,674 29 867 15 448.5 57 494 2.3 OLC 4
1-G 7.23 2.36 66 1,558 12 283 16 377.6 33 93 1.42 PC/TET 4
1-H 4.99 1.89 60 1,134 13 246 20 378 27 66 2.26 PC/TET 4
2-I 15.1 9.2 34 3,128 61 5,612 5 460 100 5,612 34.8 MC 1
2-J 6.41 1.96 79 1,548 12.6 247 8.3 162.68 41 101 1.0 OLC 4
2-K 17.4 1.39 8 111.2 90 1,251 1 13.9 100 1,251 93.3 MC 1
2-L 9.01 5.67 10 567 83 4,706 8 453.6 10 470 36.6 MC 1
2-Ma 4.09 1.3 69 897 7 91 24 312 20 18 1.95 PC 4
2-Nb 9.4 2.22 69 1,532 13 399 18 399.6 46 168 1.29 PC 3
2-O 3.6 1.57 70 1,099 18 172 11 172.7 45 78 13.3 OLC 3
3-P 6.7 2.81 30 843 51 1,433 19 533.9 98 1,404 IND MC 1
3-Q 8.7 3.32 38 1,262 45 1,494 14 464.8 96 1,434 0.1 MC 3
3-R 6.7 1.3 85 1,105 7 91 5 65 70 64 79 MC 1
4-S 42.5 38.2 2 764 95 36,300 0 0 100 36,300 � MC 1
4-T 27.7 22 88.3 19,426 8.1 19,400 0 0 98.6 19,150 � MC 1
4-U 6 1.6 79.5 1,272 10.3 165 1.8 28.8 53 87 0.3 PC 3
5-V 4.4 1.3 80.1 1,041 6.8 139 10.7 139.1 34 47 3.2 PC 1
5-W 33.1 23.9 15.5 3,705 75.8 18,116 0.8 191.2 75.8 18,116 � MC 1
5-Xc 4.4 1.27 65 822.3 13 164 22 278.3 9 15 6.7 OLC 4
5-Y 4.5 1.82 91.4 1,663 4.9 89 2.8 50.96 25.9 47 1.2 PC 2
5-Z 6.5 2.4 81.5 1,956 10.6 122 5.1 122.4 35 54 1.7 PC 2
5-AA 6.5 2.3 84 1,932 5.9 136 8.4 193.2 44 60 1.2 PC 2
6-BB 87.1 69.7 7.4 5,158 86.7 60.4 0 0 89 53.7 77 MC 1
6-CC 8.7 6.7 10.5 703.5 87.2 5,842 0 0 99 5,842 77 MC 1
6-DD 10 2.3 66 1,518 7.8 179 25.4 584.2 18 32 1.8 ND 2
6-EE 4.6 2 81.5 1,630 8.5 170 9 180 24.7 42 1.6 PC 2
6-FF 4 1.5 60 900 12 180 26.5 397.5 53.2 95.4 1.0 PC 2
6-GG 5.4 2.3 73.3 1,686 13.6 312 12.3 282.9 38 119 1.2 PC 2
7-HH 7.7 2.2 77 1,694 10.7 235 8.8 193.6 53 99 1.6 PC 2
7-II 8.6 2.1 86 1,806 8.1 170 33 56 1.6 PC 2

*Abbreviations used are IND, Individual; WBC, white blood count; ALC, absolute lymphocyte count; %T, percent CD3positive T cells;
AbT, absolute CD3positive T cell count; %B, percentage of CD19positive cells; AbB, absolute CD19positive B cell count; %NK,
percentage NK cells; AbNK, absolute NK cell count, %CD5, percentage CD5positive B cells; ACD5, absolute CD5 B cell count; �/�
ratio, kappa bearing cells/lambda bearing cells; PCR: Analysis of heavy chain immunoglobulin rearrangement (MC-monoclonal,
PC-polyclonal, OLC-oligoclonal, Tet-Cell Cycle Analysis showed tetraploidy, Indt, indeterminant); Cat, Category (1-Affected, 2-Unaf-
fected (Normal), 3-Unaffected (BCML), 4-Unaffected (Abnormal). Color code: red is affected; blue is unaffected and normal; lavender
is unaffected but abnormal.

Normal ranges for percentage and absolute values (95% conficence level) were obtained from the Clinical Immunology Laboratory,
CC, NIH. They are CD3positive 60.9–84.0% and 832-2028 cells per �l; CD19positive 5.7–16.2% and 84-378 cells per �l;
CD20positive 4.8–15.9% and 88–330 cells per �l; CD4positive 32.6–58.9% and 480–1339 cells per �l; CD8positive 17.8–46.7%
and 351–911 cells per �l; CD5positiveCD20positive 1.3–10.3% and 24–222 cells per �l; and CD3negativeCD16positive
CD56positive NK cells, 6.5%–29.5% and 120–490 cells per �l. WBC 4,300–9,200 cells per �l and lymphocytes 17–41% with an
ALC of 1,173–2640 cells per �l.

(a) Individual. 2-M: Abnormal CD20 subpopulation see arrow in figure.
(b) Individual. 2-N: The value 46% CD B cells was determined using CD20/CD5 reagent configuration, while 62% was obtained using

CD19/CD5 configuration (not shown). Of further interest, the geometric mean channel value for CD20 FITC in the CD20/CD5 configuration
showed a value of 260 for CD20 positive CD5 negative cells and a value of 196 for CD20 positive CD5 positive cells. This represents a
64-channel shift in these two populations. Upon a clonal search this subject had a small cluster of kappa bearing cells even though the overall
kappa lambda ratio was normal. Fukushima et al. (59) found no such abnormalities in 104 normal individuals studied.

(c) Individual 5-X: In the kappa lambda analysis there is a small population of B cells negative for kappa and lambda expression.
(d) Individual 7-LL: Has an extra population of CD5positive T Cells and his CD3positive NK cells are elevated at 20%. This is

consistent but not diagnostic of an early T cell lymphoproliferative disorder.
(e) Individual 8-QQ and individual 8-UU: kappa lambda expression was not only indeterminant tubes #9–#11, but the CD19positive

B cells from these two individuals did not express these kappa lambda reagents, i.e., they were double negatives. However, in tubes
#13 and #14, kappa light chain overexpression was noted in both of these individuals. This is a strong argument for the use of pattern
recognition rather than the solitary use of a kappa lambda ratio. However, monoclonality based on a PCR analysis of Ig heavy chain
rearrangement clarifies this situation.

(f) BCML individuals 8-QQ and 9-XX on PCR had a single band on a polyclonal background.
(g) Individuals 8-RR, 8-SS and 8-TT reacted only with two of the kappa lambda analyses; tubes #9 and #11 while tube #10 was

negative.
(h) The PCR pattern on the affected individual 9-YY with hematological and flow cytometric remission shows a restricted polyclonal

ladder.
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age, and MGUS in a certain percentage of individuals
should progress or transform into BCLL or other related
LPDs over time. Rawstrom et al. found exactly this age-
dependent relation for BCML (46,47).

Thus, longitudinal studies of BCML in the setting of
familial BCLL will be required to elucidate the importance
of this precursor state and undoubtedly will provide in-
sight into the mechanism of progression to BCLL. Given
that BCLL kindred are a key resource in attempting to
identify genetic susceptibility factors for this condition,
further studies of individuals with BCML will be a high
priority. Population and family studies are needed to iden-
tify the rate of progression to BCLL and to better under-
stand the parallels between this clinical entity and BCLL.
Due to an increasing aged population and an unexplained
increase in the incidence of B-cell non-Hodgkin’s lym-
phoma over the past decade, better understanding the
determinants of BCML in families is a priority (55). This
population is ideal for the study of early events in BCLL
with the use of post genomic technologies (56–58). We
believe these findings of familial CLL in the United States
and the United Kingdom should be investigated in the
setting of an international familial CLL consortium.
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